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The Problem of Measurement of Intestinal Absorption in Man
The measurement of the net disappearance of fluid and electrolyte from the intestinal lumen of normal conscious man will be considered. This net disappearance results from the disparity between rapid bidirectional fluxes across the intestinal mucosa.
Traditional clinical methods of studying absorption have little place in this context for several reasons. Plasma tolerance curves are rendered inappropriate by the various homeostatic mechanisms which keep plasma osmolality and electrolyte composition relatively fixed. Balance studies can give little quantitative information above the total amounts of fluid and electrolyte leaving the intestinal lumen. Love et al. (1968) have recently described a balance technique, which depends on the rapid perfusion of the whole gut with fluid, and the setting up of a steady state of bowel evacuation. However, the fast perfusion rates required restrict the general applicability of this approach.
Most recent information in this field has been obtained by means of various intubation techniques employing non-absorbable markers. In general terms, the difference between the amounts of material introduced into and recovered from the intestinal lumen is measured and quantitative information can be obtained at all levels of the intestinal tract. The early intubation studies of Abbot & Miller (1936) suffered mainly from the difficulty of obtaining the complete recovery of unabsorbed material from the gut lumen. Borgstrom et al. (1957) introduced the water-soluble marker polyethylene glycol (PEG) into such studies and were thus able to correct for inadequate volume recovery from the intestinal lumen. Many studies have subsequently been performed using this and other markers and a variety of intubation techniques. Borgstr6m et al. (1957) fed the marker in the form of a liquid meal of known composition by mouth and sampled intestinal contents at different levels via the tube. Assuming complete nonabsorbability of the marker and complete mixing of the meal at all intestinal levels, it is possible to calculate the fractional disappearance of solute and water from the meal taking place between the stomach and the point of sampling. However, to the meal are added the various upper gastrointestinal secretions, so that no quantitative information about total transport of fluid and electrolytes across the intestinal mucosa can be obtained.
Oral Feeding and Tube Sampling

Isolated Intestinal Segments
Segments of intestine can be isolated between pairs of inflatable balloons. Material is introduced into and recovered from such closed loops and absorption rates calculated from changes in solute and marker concentration. This is a relatively cumbersome technique, and the inflation of balloons may cause the subject some distress. However, it can be of value in situations where measurable concentration changes are slow to develop. For example, Ewe (1968) has used this technique to study jejunal calcium absorption and it may be the best direct method of measuring magnesium absorption. In the case of more rapidly absorbed substances, like sodium, chloride and water itself, the continuous steady state 58 perfusion systems have been extensively used and deserve the most detailed discussion because their applicability is wide.
Steady-state Perfusion Techniques
Transintestinal intubation for this purpose was originally described by Schedl & Clifton (1961 . Fordtran et al. (1961) and Holdsworth & Dawson (1964) introduced the more generally accepted double-lumen tube system, which avoids the need to intubate the entire intestinal tract. The tube is situated in jejunum or ileum and fluid is perfused at a constant rate through the proximal of the two orifices. The fluid passes in an unimpeded way through the intestine and is sampled via the distal orifice in the other lumen. Once a steady state is set up, absorption or secretion rates can be calculated from the infusion rate and from changes in solute and marker concentration between the two orifices. Some of the problems and assumptions involved can be discussed in relation to Fig 1, which illustrates the basic principles of any intestinal perfusion technique. The gut segment illustrated may be small intestinal or may relate to the colon, if fluid is infused into the cwcum and collected via a rectal tube (Levitan et al. 1962) , or indeed to the whole gut as in the technique of Love et al. (1968) . The steady state refers to steady concentrations of marker and solute in sequential distal samples and to steady outflow rates of fluid and segmental absorption rates. An equilibration period is required in order to set up the steady state and this may vary from 30 minutes to more than one hour depending, among other things, on the infusion rate and the segment length. The validity of such a steady state should be assessed in each experimental situation. All the calculations derive from the fundamental relationship that, in the steady state, the amount of marker entering the segment in unit time equals the amount of marker leaving the intestine. Such a relationship can only be validated in situations where all the unabsorbed material can be collected, as in colon perfusions and in animal studies. Such validity has been demonstrated for PEG as shown in Fig 1 (Devroede & Phillips 1969) ; in rat small gut they are 97 5 % (Jacobson et al. 1963) usual method being to attempt quantitative recovery of marker in stools or ileostomy effluent following oral ingestion (e.g. Soergel & Hogan 1967) . On such indirect evidence, it is now generally assumed that PEG is a valid marker for small intestinal perfusions and most other markers have been assessed by direct comparison with it (e.g. Schedl 1966 ).
There are, of course, many other problems and assumptions involved. Uniform mixing of intestinal contents is assumed and is of great importtance if the fluid is sampled distally and cannot be collected in full. Uncontrollable variables such as mucosal blood flow, intestinal motility and pooling of luminal contents make it virtually impossible to achieve a truly steady state, so that in practice prolonged collections are required in order to minimize the effects of moment-tomoment variation. Two other variable factors must be discussed, because these have been responsible for the various modifications of the simple double-lumen technique for small intestinal perfusions. First, infused fluid may reflux proximally, exposing a greater surface area for absorption, and this could be a very variable phenomenon. Secondly, even in the fasting state, upper gastrointestinal secretions from above may contaminate the perfusion zone and will have the effect of underestimating absorption rates of water and any contained solute. In order to obviate these problems, Cooper et al. (1966) introduced the triple-lumen tube and Phillips & Summerskill (1966) used a proximal occlusive balloon technique.
Modifications ofthe Simple Perfusion Techndques
In the triple-lumen technique, fluid is infused through the proximal orifice and is sampled at two distal points. Refluxing fluid and contaminating fluid mix with infused fluid and, if this mixing is complete, sampling at the proximal orifice enables one to define the exact composition and flow rate of fluid entering the test segment, which lies between the two sampling orifices. The general validity of these assumptions has been demonstrated by Whalen et al. (1966) . However, a major disadvantage of this system is that water and solute may be absorbed by the proximal, or mixing, segment to a variable extent so that one cannot rigidly control the composition and flow rate of fluid entering the test segment. Solute absorption rates may be related to both input concentration and flow rate (Sladen & Dawson 1969) and, therefore, the presence of a mixing segment may increase the variability of segmental absorption rates. This may be a serious disadvantage in certain types of kinetic absorption study.
The use of a proximal occlusive balloon obviates the problem of a mixing segment. A double-Section ofExperimental Medicine & Therapeutics with Section ofMeasurement in Medicine 1023 lumen system is provided with a proximal balloon inflated via a fine catheter. An extra lumen enables proximal secretions to be collected and permits injection of a coloured marker to test that the balloon is indeed occlusive. This is important, because in certain conditions it may be very difficult to occlude the lumen, especially if intestinal tone is diminished. This system has been used in some recent studies, designed to test the practical importance of excluding reflux and contamination in jejunal studies of salt and water absorption (Sladen & Dawson 1970) . For this purpose, segmental absorption rates were measured in a series of normal individuals during perfusion periods with the balloons both inflated and deflated.
Under the conditions of this particular study, it appeared that proximal reflux of infused fluid was responsible for some of the variability of certain solute absorption rates between individuals. However, the extent of reflux was relatively constant in individual studies. Contamination interfered with the setting up of a steady state, but was rarely continuous or heavy. Other uncontrollable factors seemed to be responsible for most of the variability of absorption rates both within and between individual studies. In an approximately comparable series of triple lumen tube perfusions, Sladen & Dawson (1970) found a somewhat greater variability of individual absorption rates and attributed this to the presence of the mixing segment. They concluded that the triple lumen tube method has the advantage of relative simplicity and may be the better general purpose method, whereas the proximal balloon technique may be preferable for obtaining the most accurate information in situations where it is desirable to control rigidly input solute concentration and flow rate.
For similar reasons, Devroede & Phillips (1969) have modified the simple colon perfusion technique. They incorporated extra lumens which enable fasting ileal contents to be aspirated proximal to the cwcal infusion point. In this way, proximal reflux of infused solution into the ileum can be accounted for and contamination from the ileum partially prevented. Their calculations suggest that ileal contamination might result in serious underestimation of colonic water absorption rates to the extent of 50% or more. However, they have not compared perfusion periods with and without free ileal contamination, so that the practical consequences of such contamination on measured absorption rates are uncertain.
Conclusion
At the present time, net absorption of water and the major intestinal electrolytes in man is best measured by means of the continuous steady state perfusion technique. The accuracy of the information can be improved if proximal reflux of infused material and contamination from above are minimized. This technique may not, however, readily demonstrate net absorption of certain slowly absorbed electrolytes, such as calcium and magnesium, for which a closed loop system with prolonged mucosal exposure may be required. 
Interpretation of Electrical Potential Differences
The epithelium lining the alimentary tract is electrically polarized, the blood side of the epithelium normally being positively charged with respect to the lumen. The magnitude of the potential difference (PD) differs considerably in various parts of the gut although the general pattern is similar in most species. Thus the potential in the stomach is relatively high, about 20 to 40 mV. In the small intestine it is low, 10 mV or less, while in large intestine it is usually greater than 20 mV and in some species, for example the dog, values of40 mV or more have been observed.
The potential may arise in several ways. Thus, an observed value may be the result of the operation of several processes so that its interpretation must depend on consideration of all the relevant circumstances. Two sources of potential, namely transepithelial diffusion potential and osmotically-induced potential, are not limited to biological systems. Diffusion potentials depend on the different mobility of various ions when
